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1. Introduction
At RAN#94e meeting, SID on network energy savings was approved with the objective as follows [1]:
	1. Definition of a base station energy consumption model [RAN1]
· Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the base station side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, base station load, etc), sleep states and the associated transition times, and one or more reference parameters/configurations.

2. Definition of an evaluation methodology and KPIs [RAN1]
· The evaluation methodology should target for evaluating system-level network energy consumption and energy savings gains, as well as assessing/balancing impact to network and user performance (e.g. spectral efficiency, capacity, UPT, latency, handover performance, call drop rate, initial access performance, SLA assurance related KPIs), energy efficiency, and UE power consumption, complexity. The evaluation methodology should not focus on a single KPI, and should reuse existing KPIs whenever applicable; where existing KPIs are found to be insufficient new KPIs may be developed as needed.
Note: WGs will decide KPIs to evaluate and how.

3. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded



In this contribution, we share our views on the network energy saving techniques.

2. Discussion
Network energy saving techniques in time, frequency, spatial, and power domains are introduced in the SID as examples of potential enhancement areas [1]. In the following, we present our views for potential network energy saving techniques in each domain.
2.1. Time domain
2.1.1 CDRX and WUS for base station
CDRX and Wake-up signal (WUS) have been introduced since Rel-15 and Rel-16, respectively, for UE power saving techniques. The motivation of CDRX and WUS is to reduce PDCCH monitoring, which contributes to UE power consumption. Similar mechanism to CDRX and WUS can be considered for gNB to dynamically power off its RX unit and save power consumption. Fig.1 shows an example of CDRX and WUS for gNB. Regarding CDRX for gNB, it can consist of DRX on-duration and DRX cycle, and gNB keeps its RX unit active to receive UL channels/signals from UEs only during the on-duration. WUS for gNB can be introduced as PHY layer indication by UE to inform gNB whether it needs to wake-up its RX unit in the next DRX on-duration similar to WUS for UE. With these techniques, the network energy consumption can be reduced by dynamically power off its RX unit. Therefore, we propose to study CDRX and WUS for gNB for network energy saving techniques.
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Fig.1 CDRX and WUS for gNB

Proposal 1:
· Study CDRX and WUS for gNB for network energy saving techniques.

2.1.2 SSB periodicity adaptation
SSB is one of the DL signals constantly transmitted by gNB for the initial cell search and other purposes such as RRM measurement. By extending the SSB periodicity, it is possible to reduce the gNB power consumption, while it would affect initial access and handover performance. Thus, it needs to be studied by taking the trade-off between power saving gain and initial access and handover performance into account.

Proposal 2:
· Study SSB periodicity adaptation such as extended SSB periodicity for network energy saving techniques.
· Trade-off between power saving gain and initial access and handover performance should be considered.

Besides, SSB-less SCell for inter-band CA can be studied in the network energy saving SI. SSB-less SCell has been supported for intra-band CA since Rel-15, while it is not supported for inter-band CA. In the Rel-18 CA enhancements WI, it has been discussed whether to include discussion on SSB-less SCell for inter-band CA during the workshop and plenary meetings but it is precluded from the WI due to the limited Tus [2]. Several companies commented that SSB-less SCell for inter-band CA could be discussed in the network energy saving SI as it would have benefit for gNB power saving during the discussion. Considering it would lead to gNB power saving, we recommend to study SSB-less SCell for the network energy saving techniques.

Proposal 3:
· Study SSB-less SCell for inter-band CA for network energy saving techniques.

2.2. Frequency domain
TX and RX bandwidth of base station contribute to base station power consumption. Dynamic TX and RX bandwidth adaptation could save base station power consumption by narrowing down the bandwidth. In our view, it can be achieved by the existing BWP switching mechanism. For example, when it is possible to narrow down TX and/or RX bandwidth, gNB indicates DL and/or UL BWP switching, respectively, for UEs camping on its cell(s). However, a lot of DL/UL BWP switching indications will be required in order to adopt BWPs of all the UEs because the BWP switching indication is supported only for UE-specific DCI formats such as DCI format 0_1/0_2/1_1/1_2. It will lead to DL overhead and power consumption. 

Observation 1:
· The existing BWP switching can be used for dynamic TX/RX bandwidth adaptation for network energy saving, while it will lead to DL overhead and power consumption due to DCI indications required for each UE in a cell.

To avoid the overhead and power consumption due to BWP switching indication per UE, BWP switching by group-common DCI is a promising technique. Besides, group-common BWP would be beneficial to configure aligned TX and RX bandwidth for UEs. Therefore, we propose to study group-common based BWP switching and group-common BWP for network energy saving techniques.

Proposal 4:
· Study group-common based BWP switching and group-common BWP for network energy saving techniques.

2.3. Spatial domain
Reducing the number of gNB antenna port thus reducing the RF chains in the 5G based station, is an effective way to save the network energy consumption. For CSI measurement and reporting, two indication options can be considered for dynamic gNB antenna port adaptation. 
· Option 1: Indication of the RE/ports switch on/off status. 
· Option 2: RE/ports switch on/off status is transparent to UE. gNB just indicates the effective CSI report configuration.
For option 1, resource mapping pattern and number of port of CSI-RS resource after antenna switching, and codebook configuration and number of port of CSI report configuration after antenna switching should be indicated to the UE. Once the antenna port switching occurs, above information should be indicated. As above information is in different elements of RRC, if the indication is done by DCI, very large payload size can be expected. If the indication is done by RRC, the large latency can be expected, then dynamic antenna switch is not feasible. 
In current NR specification of CSI procedure, the number of CSI-RS ports for CSI reporting is explicitly indicated in the CSI-RS resource configuration and codebook configuration by high layer. It already supports configurating different number of CSI-RS ports in different CSI reporting configuration. For example, in Fig.2, one UE could be configured to report both CSIs on 4 port CSI-RS and 8 port CSI-RS by associating the 4 or 8 port CSI-RS resource. 
For option 2, only the effective CSI reporting configuration is indicated. Candidate CSI reporting configurations and related CSI-RS resource configurations could be pre-configured. To enable the dynamic antenna switching, gNB just indicates the index of effective CSI reporting configuration and no need of the following up RRC update. For example, in Fig.3, before antenna switching off, the CSI report configuration #1 is effective, i.e., UE reports CSI of 8 port CSI-RS. When gNB tries to switch off some antenna ports and indicates CSI reporting configuration #2 is effective, UE reports CSI of 4 port CSI-RS according to the indication.
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Fig.2 Pre-configured CSI report configuration
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Fig.3 Switching the effective CSI report configuration to enable antenna switching
Proposal 5: 
· For CSI measurement and reporting, two indication options can be considered for dynamic adaptation of gNB antenna port. Option 2 achieves smaller indication latency and payload size than Option 1. 
· Option 1: Indication of the RE/ports switch on/off status. 
· Option 2: RE/ports switch on/off status is transparent to UE. gNB just indicates the effective CSI reporting configuration.

2.4. Power domain
Power amplifier (PA) is the most power consuming module in the base station. The power consumption of PA is closely related to the output power level of gNB DL transmission. Therefore, reducing the DL transmission power of gNB is an effective way for network energy saving. 
Once the gNB DL transmission power is reduced, the SINR level of served UE is reduced. While in some hotspot scenario, UE enjoys very high level SINR which exceeds the required SINR of the highest MCS levels. For this kind of UEs, their SINRs may be reduced with the reduction of DL transmission power of gNB. But these UEs can still enjoy highest MCS levels. Their throughput performance is not reduced.                    
In R17 and before, gNB indicates the absolute EPRE (Energy per resource element) of SSB, and relative EPRE of CSI-RS to SSB and PDSCH to CSI-RS by high layer parameters. Considering dynamic power adaptation on RS or PDSCH, there are three options as showed in Fig. 2. Table 1 shows the comparison of three options on the perspective of specification impact, power saving effect and cell discovery performance. 
· Option 1 enables dynamic power adjustment of SSB, CSI-RS and PDSCH. As all the transmission power of SSB, RS and PDSCH is dynamically adapted, the power saving effect is high while the cell discovery performance is low as the SSB power is reduced. Furthermore, the enhancement on RRM measurement and CSI report should be considered for the power changing of SSB and CSI-RS.     
· Option 2 enables dynamic power adjustment of CSI-RS and PDSCH. Due to that the SSB power is not dynamically changed, the cell discovery performance can be ensured. Meanwhile the enhancement on RRM measurement related to CSI-RS and CSI reporting should be considered.      
· Option 3 enables dynamic power adjustment of only PDSCH. This option has the smallest specification impact. At least the enhancement of CSI measurement and report should be studied as the actual transmission power of PDSCH is different compared to that of CSI-RS.  
Considering the above dynamic power adaptation options, it is better to take down-selection for further investigation. KPIs, such as specification impact, power saving effect and cell discovery performance, could be considered for this down-selection work. 
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Option 1                                                      Option 2                                                   Option 3
Fig. 2 Options of dynamic power adaptation of DL transmission 

Table 1 Comparison on options of dynamic power adaptation of DL transmission
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Proposal 6: 
· For dynamic power adaptation on RS (such as SSB and CSI-RS) and channels (such as PDSCH), it is better to take down-selection for further investigation. Several key KPIs should be considered for this down-selection work.    
· Specification impact 
· Power saving effect  
· Cell discovery performance  

3. Conclusion
In this contribution, we present the following proposals and observations for the network energy saving techniques.
Proposal 1:
· Study CDRX and WUS for gNB for network energy saving techniques.
Proposal 2:
· Study SSB periodicity adaptation such as extended SSB periodicity for network energy saving techniques.
· Trade-off between power saving gain and initial access and handover performance should be considered.
Proposal 3:
· Study SSB-less SCell for inter-band CA for network energy saving techniques.
Observation 1:
· The existing BWP switching can be used for dynamic TX/RX bandwidth adaptation for network energy saving, while it will lead to DL overhead and power consumption due to DCI indications required for each UE in a cell.
Proposal 4:
· Study group-common based BWP switching and group-common BWP for network energy saving techniques.
Proposal 5: 
· For CSI measurement and reporting, two indication options can be considered for dynamic adaptation of gNB antenna port. Option 2 achieves smaller indication latency and payload size than Option 1. 
· Option 1: Indication of the RE/ports switch on/off status. 
· Option 2: RE/ports switch on/off status is transparent to UE. gNB just indicates the effective CSI reporting configuration.
Proposal 6: 
· For dynamic power adaptation on RS (such as SSB and CSI-RS) and channels (such as PDSCH), it is better to take down-selection for further investigation. Several key KPIs should be considered for this down-selection work.    
· Specification impact 
· Power saving effect  
· Cell discovery performance  
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